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Objective: Demonstrate the capability of data fusion of LIDAR, PolInSAR (Polarimetric Interferometric Synthetic Aperture Radar), and other sensors to

determine canopy height and other forest structure parameters in order to aid the future development of the forest structure component of a potential

Surface Topography and Vegetation Mission.

Approach and Results: Trained neural networks to estimate canopy heights above the forest floor using LVIS LIDAR RH100 canopy heights as ground truth

and various combinations of sensors as inputs. Compared the accuracy achieved among the different sets of inputs to determine the relative utility of each

candidate sensor.

Significance/Benefits to JPL and NASA:

1. Developed a neural network method that can be used to estimate canopy heights for a variety of future PolInSAR missions with varying instrument
geometry, and forest type, that need be trained only once with airborne LIDAR with no need to obtain continuous LIDAR coverage.

2. Established that SAR backscatter measurements are useful for reducing the number of PolInSAR phase pairs needed to estimate forest canopy height.

3. Demonstrated the capability of a data fusion method to obtain canopy height measurements with similar accuracy to spaceborne LIDAR by combining
information from 2 to 4 C-band and/or L-band SAR observations and a source of accurate forest floor topography.
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LVIS canopy heights. The accuracy of the neural network for
Berms is 1.8-m RMS and is comparable to the RMS difference
between airborne LIDAR sensors. The UAVSAR data used is L-
band which is sufficient to get good canopy height estimates for
forests less than 20-m in height as in the case for Berms. The
relative sparseness of arboreal forest as compared to the dense
tropical forest of Gabon may also play a role in explaining why
UAVSAR does so much better for Berms.

2. RMS height error (RMSE) with respect to LVIS LIDAR RH100
canopy heights of random volume over ground model [1].

3. RMSE of neural network with backscatter inputs only.

4. With UAVSAR complex covariance inputs only.
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Scene name.
Indices of the UAVSAR baselines in the UAVSAR database.
Neural network bias (mean canopy height error w.r.t. LVIS RH100 canopy heights).
Neural network root mean square (RMS) error at 20-m resolution.
. With UAVSAR complex covariance and backscatter inputs. Neural network RMS error at full 10-m resolution.
. With UAVSAR backscatter, SRTM heights, and LVIS ground RMS error attained by choosing the nearest LIDAR measurement in the neural network
height inputs. training set for 20-m resolution.
7. With UAVSAR backscatter, complex covariance, SRTM height, Same as 6 but for 10-m resolution.
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Figure 4. Triple UAVSAR Baseline Neural Network Forest Canopy Heights
for Mondah and Joint Histogram of UAVSAR and LVIS canopy heights. The
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